In 1987-1989, ARIC recruited and examined (visit 1) a cohort 15 792 men and women aged 45 to 64 years in 4 US communities. 16 ARIC performed follow-up visit 2 in 1990-1992 (93% return rate), visit 3 in 1993-1995 (86% return), and visit 4 in 1996-1998 (80% return, n=11 668). The present analysis used visit 4 as its start point
T roponins and natriuretic peptides, such as N-terminal pro-B-type natriuretic peptide (NT-proBNP), are useful plasma diagnostic tests. They also are potent risk markers in the general population for the subsequent development of coronary heart disease (CHD) and heart failure events. [1] [2] [3] [4] [5] In acute stroke, particularly in cardioembolic stroke, troponins and natriuretic peptides are often elevated, and when elevated are associated with a poorer prognosis after stroke. 6, 7 In a few studies, higher basal levels of natriuretic peptides also have been associated with increased future incidence of stroke. 3, 5, [8] [9] [10] [11] [12] [13] Much of this evidence on natriuretic peptides and incident stroke is from high-risk patient populations 9, 11, 13 ; few prospective population-based studies exist and often did not study stroke subtypes or include blacks. 3, 5, 8, 10, 12 Information on the association of troponin levels and incident stroke occurrence is quite scant. [13] [14] [15] We sought to provide new information on the association of these biomarkers with the incidence of stroke and stroke subtypes in the general population. We therefore tested the hypothesis that high-sensitivity troponin T (TnT) and NT-proBNP are associated positively with incidence of stroke over an average of 11 years of follow-up in the populationbased Atherosclerosis Risk in Communities (ARIC) Study.
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for follow-up. The study protocol was approved by the institutional review boards of the collaborating institutions, and written informed consent was obtained from each participant.
Risk Factor Measurements
Participants were asked to fast for 12 hours before their morning visit 4 appointments, and plasma samples were stored at −70˚C until assayed in 2009-2010. Troponin T levels were measured using the Elecys Troponin T, a high-sensitivity assay (Roche Diagnostics, Indianapolis, IN). The lower limit of detection is 0.003 µg/L, and values <0.003 µg/L, which were common, were grouped into a separate category that served as the reference group for hazard ratio estimation. The reliability coefficient for blinded quality control replicate measurements of troponin T from single blood draws was 0.98. Plasma NT-proBNP was measured on a Cobas e411 analyzer using the Elecys proBNP II immunoassay (Roche Diagnostics). The reliability coefficient for blind replicate measurements was 0.99. ARIC also measured plasma total and high-density lipoprotein cholesterol, 2 C-reactive protein (CRP; Roche Diagnostics), lipoprotein-associated phospholipase A 2 (Lp-PLA 2 ) activity (PLAC; diaDexus Inc, South San Francisco, CA), and estimated glomerular filtration rate (eGFR). 17 Sitting blood pressures, body mass index, waist-to-hip ratio (WHR), and diabetes mellitus were assessed by published methods. 2, 16 The Baecke sport index (physical activity) 18 was completed at visit 3.
Prevalent atrial fibrillation was determined from electrocardiograms at ARIC visits 1 to 4 or from hospitalizations with a discharge diagnosis including atrial fibrillation between visits 1 and 4. Incident atrial fibrillation after visit 4 was based on hospital discharge codes between ARIC visit 4 and the end of follow-up. The completeness of ARIC atrial fibrillation ascertainment is quite good. 19 We defined prevalent and incident CHD and HF as previously described. 2 We defined prevalent stroke, which was used for exclusion, as (1) a history of stroke (unvalidated) at visit 1 or (2) an incident definite or probable stroke (validated) between visit 1 and visit 4.
Incident Stroke
We identified incident stroke events occurring between ARIC visit 4 (1996-1998) and December 31, 2009. Transient ischemic attacks were not ascertained. ARIC participants were contacted annually by telephone, and reported hospitalizations and deaths related to possible strokes in the previous year were identified. We also surveyed lists of discharges from local hospitals and death certificates from state vital statistics offices for potential cerebrovascular events. Abstractors recorded stroke signs and symptoms and photocopied neuroimaging (CT or magnetic resonance imaging) and other diagnostic reports if the list of discharge diagnoses included a cerebrovascular disease code (International Classification of Diseases, 9th Revision, code 430-437), if a cerebrovascular condition or procedure was mentioned in the discharge summary, or if a cerebrovascular finding was noted on a CT or magnetic resonance imaging report. Each eligible case was classified by computer algorithm and by a physician reviewer, 20 according to criteria adapted from the National Survey of Stroke. 21 Disagreements were adjudicated by another reviewer. Qualifying strokes were further classified into definite or probable hospitalized ischemic stroke (neuroimaging showed acute infarction or no hemorrhage) or hemorrhagic (intraparenchymal or subarachnoid) stroke on the basis of neuroimaging studies or autopsy, when available. All definite ischemic strokes were further classified as lacunar, nonlacunar, or cardioembolic on the basis of the recorded neuroimaging and medical record findings. 22 A stroke was classified as lacunar if 2 criteria were met: (1) typical location of the infarct (basal ganglia, brain stem, thalamus, internal capsule, or cerebral white matter) and (2) infarct size of ≤2 cm or unstated size. Cardioembolic ischemic stroke required (1) autopsy evidence of an infarcted area in the brain and a source of possible cerebral emboli in a vessel or presence of an embolus in the brain or (2) medical record evidence at the time of stroke of a possible source of embolus from echocardiograms, ECG, or medical history, such as moderate or greater valvular heart disease, dilated cardiomyopathy, atrial fibrillation, cardiac or arterial procedure, or intracardiac thrombus. The remaining ischemic strokes were categorized as nonlacunar. Cryptogenic ischemic strokes were not separately categorized and thus mostly would be in the nonlacunar category.
Statistical Analysis
Of the original 15 792 ARIC participants, we excluded those not attending ARIC visit 4 (n=4136), those with a stroke prior to visit 4 (n=271), those with missing follow-up information after visit 4 (n=22), and, because of small numbers, a few minority participants in 2 field centers (n=67). Finally, we excluded the remaining participants without measurements of TnT or NT-proBNP (n=394), leaving a maximum of 10 902 participants for the present analyses. Time at risk was computed from the date of visit 4 to the earliest of the following: date of hospital admission for incident definite or probable stroke, date of death, date of last follow-up contact, or December 31, 2009.
Our main hypothesis was that the plasma biomarkers, TnT and NT-proBNP, would be associated positively with stroke incidence. For most analyses, we categorized TnT (using published cut points) 2 and NT-proBNP (into quintiles), but some models used natural logtransformed TnT and NT-proBNP as continuous variables. Poisson regression was used to compute stroke incidence rates. Cox proportional hazards models were used to calculate hazard ratios (HR) and 95% CIs of incident stroke and its subtypes. We verified the proportional hazards assumption of the Cox models by inspection of ln(-ln) survival curves for TnT and NT-proBNP categories. We tested trends in stroke HRs across risk factor categories by including an ordinal variable for each category in the Cox models. We also used restricted cubic splines with 3 knots, located at the 5 th , 50 th , and 95 th percentiles, to graphically characterize the dose-relation between total stroke and each biomarker. 23 We tested multiplicative interactions of TnT and NT-proBNP with sex, race, and hypertension status, but none was significant in the Cox models (P>0.30); thus, analyses pooled men and women and whites and blacks. We selected possible confounding variables for regression models based on previous prospective findings for stroke in ARIC. 22 CHD, heart failure, and atrial fibrillation were adjusted for initially as visit 4 prevalence variables (model 2), but also as time-dependent variables because these events occurred during follow-up (model 3).
We assessed prediction parameters (area under receiver operator characteristics curve, net reclassification index, and integrated discrimination index) for 10-year risk of stroke using Cox proportional hazards regression models 24, 25 and TnT and NT-proBNP as continuous variables.
Results
In the 10 902 participants at baseline who were free of stroke at visit 4, plasma TnT and NT-proBNP were associated positively with most other stroke risk factors and prevalent cardiovascular conditions (Tables I and II in the online-only Data Supplement). Stroke risk factors were particularly prevalent among participants in the highest TnT or NT-proBNP categories.
Over a mean of 11.3 years of follow-up, 507 incident strokes were identified, of which 444 were ischemic (87 lacunar; 125 cardioembolic; 232 nonlacunar, of which 26 were judged to be clearly carotid atheroembolic) and 63 were hemorrhagic. TnT was a risk marker for incident stroke (Table 1) . After adjustment for age, race, and sex (model 1), total stroke risk was increased 1.80-fold for those with TnT of 0.009 to 0.013 µg/L and 2.87-fold for TnT ≥0.014 µg/L, compared with TnT <0.003 µg/L. Adjustment for other stroke risk factors and prevalent cardiovascular diseases (model 2) moderately attenuated the HRs. Additional adjustment for incident CHD, heart failure, and atrial fibrillation occurring during follow-up (model 3) attenuated the total stroke HRs further, but the association between TnT and total stroke remained statistically significant. TnT was a similarly strong risk marker for total ischemic stroke and its largest subtype-nonlacunar ischemic stroke (Table 1) . TnT HRs were even stronger for cardioembolic stroke, but they were weak for lacunar stroke. There were relatively few hemorrhagic strokes, and their occurrence was not associated with TnT. The dose-response relation between TnT and total stroke is further depicted in Figure 1A .
NT-proBNP also was a risk marker for total stroke (Table 2) : model 1 HRs for total stroke were 1.61 and 3.52 for the highest two quintiles of NT-proBNP, compared with the first. Adjustment using model 2 moderately attenuated the HRs. Model 3 adjustments attenuated the HRs only slightly more. The patterns of association between stroke subtypes (Table 2 ) and NT-proBNP were similar to those for TnT. Cardioembolic stroke showed a particularly strong association with NT-proBNP; the model 2 HRs was 12.6 for the highest versus lowest NT-proBNP quintile. Strikingly, ≈58% (ie, 72 of 125) of cardioembolic strokes occurred in the highest quintile of visit 4 NT-proBNP, compared with 3% (4 of 125) in the lowest quintile (Table 2) . Moreover, 32% of cardioembolic strokes occurred in participants who had both NT-proBNP in the highest quintile and were known by ARIC to have atrial fibrillation sometime before their cardioembolic stroke hospitalization, compared with only 6% of the total cohort being so classified. Figure 1B further shows the NT-proBNP relation with total stroke.
As shown in Figure 2 and Table III in the online-only Data Supplement, when considered together, elevated TnT and NT-proBNP each were associated with total and ischemic HR indicates hazard ratio. *Model 1 was adjusted for age, sex, and race. †Model 2 was adjusted for model 1 + initial values for body mass index, smoking status and amount, diabetes mellitus, systolic blood pressure, antihypertensive medication use, high-density lipoprotein cholesterol, total cholesterol, lipid medication use, C-reactive protein, lipoprotein-associated phospholipase A 2 (Lp-PLA 2 ), prevalent atrial fibrillation, coronary heart disease, and heart failure. ‡Model 3 was adjusted the same as model 2, except incident atrial fibrillation, coronary heart disease, and heart failure were treated as time-dependent covariates.
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stroke, with no multiplicative interactions (P for interactions > 0.10). NT-proBNP seemingly had a stronger association than did TnT with stroke. For example, for total stroke, the HR for participants with high TnT and low NT-proBNP was 1.48 and the HR for high NT-proBNP and low TnT was 2.03, with the HR for both biomarkers high being 2.70. For cardioembolic stroke, these HRs were 2.13, 3.67, and 6.26, respectively. Based on model 2, 42% of participants had a 10-year stroke risk of <2%, 39% had a risk of 2 to 4.99%, 14% had a risk of 5 to 9.99%, and 5% had a ≥10% risk. Measurement of NT-proBNP, but not TnT, modestly improved prediction of 10-year stroke risk beyond model 2 risk predictions (Table IV  in 
Discussion
This large prospective epidemiological investigation found that, independent of other measured risk factors, higher plasma levels of TnT and NT-proBNP in the general population were moderately strong risk markers for incident ischemic stroke. The stroke associations were somewhat stronger for NT-proBNP than TnT. The associations also were strongest for future cardioembolic stroke (eg, 9.0-fold for the highest versus lowest categories of NT-proBNP and 2.6-fold for TnT), followed by nonlacunar atherothrombotic stroke, and not found for lacunar or for hemorrhagic strokes. The combination of both elevated TnT and NT-proBNP tripled the risk of ischemic stroke, compared with low levels of both biomarkers. Our findings, drawn from a general population sample and including stroke subtypes, support growing evidence associating high levels of natriuretic peptides with increased risk of stroke 3, 5, [8] [9] [10] [11] [12] [13] and with more limited evidence on troponin and stroke. [13] [14] [15] Elevated plasma TnT and NT-proBNP are generally considered cardiac biomarkers, reflecting cardiac myonecrosis and heart failure, respectively. These biomarkers are also markers of future major adverse cardiac events and even mortality from noncardiovascular causes (unpublished ARIC data). They also are correlated with multiple other vascular conditions and risk factors (Tables I and II in the online-only Data Supplement). It therefore was important to establish that TnT and NT-proBNP remained associated with nonlacunar ischemic strokes even after adjustment for risk factors and cardiac conditions. Although elevated TnT and NT-proBNP should not be considered causal risk factors for ischemic stroke, they do seem to be independently associated with stroke occurrence, especially in the highest categories. Clinical use of stroke risk equations is not widespread, but our analysis showed that NT-proBNP adds modestly to traditional risk factors for identifying patients at high stroke risk for possible prevention. If our findings received external validation in other populations and measurement proved cost-effective, NT-proBNP might be useful clinically in stroke risk prediction in the general population.
Stronger associations of TnT and NT-proBNP with the cardioembolic subtype of stroke were hypothesized in advance, given the pathophysiology of cardioembolic stroke. NT-proBNP is a strong predictor of atrial fibrillation, which is a common contributor to cardioembolic stroke. 26 The association of TnT and NT-proBNP with atherothrombotic stroke is harder to explain but may reflect (1) coexisting atherosclerotic cerebrovascular and cardiac disease or (2) possible misclassification of some HR indicates hazard ratio. *Model 1 was adjusted for age, sex, and race. †Model 2 was adjusted for model 1 + body mass index, smoking status and amount, diabetes mellitus, systolic blood pressure, antihypertensive medication use, high-density lipoprotein cholesterol, total cholesterol, lipid medication use, C-reactive protein, lipoprotein-associated phospholipase A 2 (Lp-PLA 2 ), atrial fibrillation, coronary heart disease, and heart failure. ‡Model 3 was the same as model 2, except incident atrial fibrillation, coronary heart disease, and heart failure were treated as time-dependent covariates.
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cardioembolic strokes as nonlacunar ischemic strokes in the absence of a clear cardioembolic source. Drawbacks of this study warrant consideration. First, we had only single measures of the plasma biomarkers. Insofar as there is random biological variability in the biomarkers, observed associations with stroke incidence would tend to be weakened. We also could not examine, with a single measure, the association of change in biomarkers with incident stroke. Second, although we had visit 4 electrocardiograms and adjusted for prevalent atrial fibrillation, CHD, and heart failure, we did not have visit 4 echocardiographic assessments to identify the structural or functional cardiac abnormalities that may have led to visit 4 TnT or NT-proBNP elevations. Third, our assessment of incident atrial fibrillation, CHD, and heart failure was based on hospitalization discharge diagnoses. Incident nonhospitalized and other forms of heart disease therefore could not be accounted for. Yet, at the time of stroke, we did use all available echocardiographic and carotid imaging data in the hospital record to help subclassify strokes. Fourth, although our validation of stroke events was thorough, it was based, as in most epidemiological studies, on medical reviews and not standardized neurological examinations of all potential stroke patients. Finally, our nonlacunar ischemic stroke group could not be separated well into large vessel disease versus other ischemic or cryptogenic ischemic strokes. We did have information on whether these strokes had carotid artery imaging and were believed by reviewers to be carotid atheroembolic; however, this subgroup was too small for meaningful analysis. It remains possible that the biomarker relations would differ among these smaller nonlacunar subtypes.
Conclusions
In conclusion, we found that in the general population that elevated plasma TnT and NT-proBNP concentrations are associated with increased risk of cardioembolic and other nonlacunar ischemic strokes. 
